Abstract. We study the characteristic energy and time scales describing the coherent electron dynamics and decoherence phenomena in solids interacting with ultrashort laser pulses. Our analysis resulted in the derivation system of dimensionless adiabaticity parameters and derivation of the non-Markovian density-matrix equations applicable on arbitrary short timescales.
. Characteristic frequencies and dimensionless adiabaticity parameters describing the regimes (adiabatic and diabatic limits) of laser-field interaction with periodic potentials. The parameters are proportional to the ratio of the frequencies from upper row and left column. Table 2 . Acronyms of adiabaticity parameters and their meanings.
NP NonPerturbative intensity [4] DL Dynamic Localization [5] K Keldysh [6] RF Rabi Flopping [7] BH Band Hybridization [8] BP Bloch-to-Ponderomotive RP Rabi-to-Ponderomotive
RB Rabi-to-Bloch
Here, N is the order of the lowest possible multiphoton transition, g E is the minimal direct bandgap, All real-world quantum systems are connected to some dissipative environment and experience an irreversible decay of quantum coherence and state population. Thus, analysis of characteristic timescales for relaxation processes is essential for both fundamental and applied research. Recent numerical simulations of high-harmonic generation in solids [10, 11] have shown that unphysically fast pure dephasing times T2 ~ 1 -3 fs are required to reach an agreement with experimental data, if the modelling is performed in the independent-particle and Markov approximations. Our estimations of correlation decay time τB for electron-electron and electron-phonon interactions in semiconductors at room temperature have shown that it is comparable to typical pulse durations (from units to tens of femtoseconds). This implies that scattering processes cannot be considered as instantaneous events. The characteristic time scales and applicability conditions of common approximations for dielectrics exposed to a few-cycle visible/near-infrared pulse (VIS/NIR) are summarized in the Tables 3 and 4 , respectively [12] . 
